We study the internal color properties of a morphologically selected sample of spheroidal galaxies taken from the Hubble Space Telescope (HST ) Advanced Camera for Surveys (ACS) Early Release Observation program of UGC 10214 (''the Tadpole''). By taking advantage of the unprecedented high resolution of the ACS in this very deep data set, we are able to characterize spheroids at subarcsecond scales. Using the V 606 and I 814 bands, we construct V À I color maps and extract color gradients for a sample of spheroids at I 814 < 24 mag. We assess the ability of the ACS to make resolved color studies of galaxies by comparing its results with the multicolor data from the Hubble Deep Fields (HDFs). Here we report that with ACS WFC data using less than $1/10 the exposure of the WFPC2 HDFs, it is possible to confidently carry out resolved studies of faint galaxies at similar magnitude limits. We also investigate the existence of a population of morphologically classified spheroids that show extreme variation in their internal color properties, similar to the ones reported in the HDFs. These are displayed as blue cores and inverse color gradients with respect to those accounted for from metallicity variations. Following the same analysis, we find a similar fraction of early-type systems ($30%-40%) that show nonhomologous internal colors, suggestive of recent star formation activity. We present two statistics for quantifying the internal color variation in galaxies and tracing blue cores, from which we estimate the ratio of nonhomogeneous to homogeneous internal colors as a function of redshift up to z P1:2. We find that it can be described as about constant as a function of redshift, with a small increase with redshift for the fraction of spheroids that present strong color dispersions. The implications of a constant fraction at all redshifts suggests the existence of a relatively permanent population of evolving spheroids up to z P1. We discuss the implications of this in the context of spheroidal formation.
INTRODUCTION
In recent years, the use of field elliptical galaxies has become a conventional tool for testing between very different structures of formation, where the main competing views of galaxy formation at high and low redshift are often referred to as monolithic, or early formation, and hierarchical, or late formation, respectively (Peebles 2002) . Many observational studies have been devoted to a number of ''scaling relations'' in ellipticals in rich clusters; i.e., the low scatter in the fundamental plane (Djorgovski & Davis 1987; Dressler et al. 1987; van Dokkum & Franx 1996; ) and in the color-magnitude relation (CMR; Sandage & Visvanathan 1978; Bower et al. 1992; Ellis et al. 1997 ). These imply a high degree of homogeneity in the stellar population, which reinforces the idea of a monolithic collapse model in which ellipticals formed during a rapid collapse at high redshift ( Eggen et al. 1962) .
The simple view of early formation contrasts with the predictions of models in which galaxies assemble hierarchically as the result of the merging of smaller subunits, at a rate governed by the merger of cold dark matter halos (White & Rees 1978; White & Frenk 1991; Baugh et al. 1996) . Although the prevailing view in the past was that ellipticals in the field formed in isolation in a high-redshift initial burst of formation, as did their clustered counterparts, several authors have shown that the observational properties of field spheroids (collectively, Es and S0s) are incompatible with the bulk of the population forming at high redshift (Zepf 1997; Barger et al. 1999; Menanteau et al. 1999; Trager et al. 2000) . Most of these studies were prompted by the success of hierarchical models in the prediction of a large quantity of observable properties of galaxies, suggesting that massive field ellipticals could only have been assembled recently (z < 1). The general consensus that arose is that a single short period of formation at high redshift is incompatible with the observations. There is growing evidence of the existence of blue spheroids with perturbed colors at intermediate redshift and a deficit of red systems compared to monolithic-model predictions Menanteau et al. 2001a; Kodama et al. 1999; Zepf 1997 ). More recently, however, Bell et al. (2004) have reported, using a large sample of Hubble Space Telescope (HST ) galaxies, that E/S0s dominate the red sequence of galaxies at z $ 0:7. As the outcome of these new studies, a new view of elliptical formation is emerging.
A surprising result from this wave of studies is the discovery of field spheroids with blue central regions at intermediate redshifts 0:4 < z < 1:0. These objects were originally detected from their V 606 À I 814 color maps Menanteau et al. 2001a) in the Hubble Deep Fields (HDFs) and are suggestive of recent star formation activity associated with the central region of the galaxy. The presence of blue-core spheroids in the HDFs has generated interest in reproducing their observed properties using both semianalytic (Benson et al. 2002) and extended monolithic collapse (Jimenez et al. 1998; Menanteau et al. 2001b ) models. The hierarchical description of Benson et al. (2002) accurately predicts the number of spheroids and the degree of color variations observed in spheroids, but misses most of the red spheroids in the sample. On the other hand, multizone chemodynamical models can predict the existence of blue cores and homogeneous colors of evolved ellipticals with success, by adjusting the redshift of formation of the galaxy, although the cosmological mechanisms responsible for detailing the formation of spheroids are somewhat unclear ( Menanteau et al. 2001b; Friaça & Terlevich 2001) .
The use of resolved colors in evolutionary studies, although largely unexploited for characterizing distant galaxies (see Tamura et al. 2000 , Menanteau et al. 2001a , and Hinkley & Im 2001 for examples), supplies a new set of independent constraints to the traditional use of counts and redshift distributions alone, particularly useful when attempting to discriminate between models of elliptical formation. Moreover, it is appealing to examine independent spheroid samples that look for galaxies with color inhomogeneities like those reported in the HDFs. Over larger data sets, they can provide important clues for determining the fraction of spheroids still experiencing star formation. Unfortunately, until the arrival of the Advanced Camera for Surveys (ACS), resolved color analysis has been limited only to superb signalto-noise ratio (SNR) and highly time-consuming data sets such as the HDFs. In this paper we explore the advantages arising from exploiting the unprecedented capabilities of the ACS in obtaining HDF-like data sets with only a fraction of the integration time. We use the first data available from the ACS to study the resolved color properties of faint, distant galaxies and compare them with previous results from the HDFs.
A plan for the paper follows. In x 2, we describe the observations and data reduction of the ACS images and our morphological classification of galaxies utilized in segregating spheroids. In x 3, we discuss the resolved color properties and the construction of color maps of spheroids in our sample. In x 4, we present our methodology for characterizing the resolved color properties, using a model-independent approach. In x 5, we discuss the results of our analysis, and finally, in x 6 we summarize our conclusions.
SPHEROIDS IN THE ACS WFC UGC 10214 FIELD
The spheroids in our study were selected from one of the first science observations acquired by the ACS (Ford et al. 2003 
ACS WFC Observv ations
In our analysis we utilize the deep images of UGC 10214 (also know as ''the Tadpole,'' VV 029, and Arp 188), a bright spiral galaxy with long tidal tail at z ¼ 0:03136, imaged in the F475W (g), F606W (V ), and F814W (I ) filters. Because of an error in telescope pointing, by which the ''head'' of the Tadpole was cut off the ACS FOV, a second set of observations was performed soon after, leading to an extra-deep exposure on the overlapping region. In Table 1 we report the observations of UGC 10214, including exposure times, number of orbits, and depth. The final observations resulted in a superb multicolor data set in which the depth limit is P1 mag shallower than the southern HDF (HDF-S) for all the observed bands. The properties of the Tadpole galaxy itself and its formation activity in young stars in the tail have been studied in detail by Tran et al. (2003) . In this paper, we focus instead on the properties of a sample of galaxies in the Tadpole field. It is important to point out that although the apparently large size of the Tadpole galaxy fills the whole frame, there is a large remaining area of the WFC image of 11.54 arcmin 2 that is essentially clean of any foreground interference and hence perfectly suited for the study of distant field galaxies similar to those performed in the HDFs. Hereafter we concentrate on and refer only to the objects in the background of the WFC image of UGC 10214. In Figure 1 , we show a composite color image of the field, in which it is possible to appreciate the abundance of faint background galaxies.
Imagg e Reduction and Object Detection
The data were first processed by the STScI CALACS pipeline (Hack 1999) , which included bias and dark subtraction, flat-fielding, and counts-to-electrons conversion. The images were then processed by Apsis (ACS pipeline science investigation software) at Johns Hopkins University. This pipeline, which measured rotations and offsets between dithered images from both pointings, rejected cosmic rays (CRs) and combined the images into single, geometrically corrected images, using the drizzle method in each band, and a combined image used for object detection. The reader is referred to Blakeslee et al. (2003) for a thorough description of Apsis.
Object detection, extraction, and integrated photometry were taken from the SExtractor (Bertin & Arnouts 1996) catalogs produced by the Apsis pipeline. Extensive simulations and tests were conducted to determine the optimal parameters for extraction and deblending of ACS WFC field galaxy sources. A detailed description of the procedure and parameters is given by Benítez et al. (2004) . In a nutshell, object extraction was carried out over a specially created detection image composed of the sum of the images in all bands. Objects detected above a certain threshold limit within the detection image are included and selected for subsequent photometry. Apsis provides-through SExtractor-a stream of magnitude measurements computed for each of the bandpasses. For the purpose of our analysis and object selection, we choose the near-total magnitude MAG _ AUTO based on a Kron-like elliptical aperture magnitude measured within k times the isophotal radius. While the SExtractor magnitudes are calibrated in the AB system as Apsis products, we transformed them into Vega magnitudes to ease the comparison with previous works, employing the photometric zero points from the ACS photometric calibration program ( M. Sirianni et al. 2004, in preparation) . Hereafter we refer to magnitudes in the Vega system.
SelectinggSpheroids
In selecting field spheroids we first choose objects with integrated magnitude I 814 < 24, using MAG _ AUTO from the SExtractor products. This is our starting point for segregating early types. We decided to select objects brighter than I 814 < 24-the same criterion adopted by Menanteau et al. (2001a) in the HDFs-as this enables both reliable morphological classification and abundant SNR pixel information on deep HST images and provides us with the right tools to compare with the HDFs sample. This led us to an initial sample of 373 objects.
We employ the same procedure for selecting spheroids as described in Menanteau et al. (2001a) and Abraham et al. (1996) , based on a combination of visual classification and machine morphological analysis. Stars were initially removed using the SExtractor star class parameter, in addition to visual inspection of all objects in the sample. Here we briefly summarize the strategy taken and refer the reader to those works for a full description of the methodology used. Galaxies in the Tadpole field were morphologically classified using an automated classification based on both the central concentration (C ) and asymmetry (A) parameters (A-C ) from Abraham et al. (1996) , as well as visual classifications made by one of us (F. M.). Visual classifications have been shown to agree very well with A-C classes in previous studies ( Brinchmann et al. 1998; Menanteau et al. 1999) . The segregation of early-type systems is particularly robust, as their chief diagnostic parameter for discrimination is central concentration. It is worth noting the key advantage in adding the A-C to the visual classes alone: they represent objective measurements of the morphological properties of galaxies and can be modeled and easily reproduced in the future if required. In building our final sample of spheroids, we used a criterion combining both A-C and visual classes, which we believe is a robust approach. In Figure 2 , we compare the A-C values computed for galaxies keyed to their visual classes in three broad categories: E/S0, spiral, and irregular. We selected spheroid galaxies as objects that were visually classified as E, E/S0, and S0 in the Hubble scheme. When there were discrepancies between visual and A-C classes, the galaxies were examined in detail, to ensure an unbiased selection. In this fashion we constructed a final catalog containing 116 ACS spheroids (Appendix A), which is $43% larger than the only other existing HST catalog: the HDFs, with 79 spheroids.
Bayesian Photometric Redshifts
Despite the absence of spectroscopic information for galaxies in the Tadpole field, we enhance the sample with the photometric redshift estimates, computed using the Bayesian Photometric Redshift package (BPZ; Benítez 2000) included in the Apsis pipeline products. BPZ follows a Bayesian statistical approach to estimate redshifts, employing a set of galaxy templates and magnitude-redshift priors. While it is often assumed that several filters are necessary to achieve accurate measurements, the addition of priors can lead to reliable redshifts with only the F475W, F606W, and F814W filters. As described in Benítez et al. (2004) , when the Bayesian methodology is calibrated with the northern HDF (HDF-N) spectroscopic sample, it yields excellent results at z < 1:5, without catastrophic outliers, and has much better performance than maximum likelihood alone. Furthermore, according to Benítez et al. (2004) , simulations of the efficiency of the photometric redshifts as a function of magnitude confirmed that for bright objects, I 814 P 24, the typical uncertainties are dz= 1 þ z ð Þ$0:1, which coincides with the magnitude limit set for our sample at which photometric estimates are most reliable. Despite the small estimated errors, we opt to take the safer approach of using the photometric redshift only over the integrated properties of the sample rather than those of individual galaxies.
RESOLVING SPHEROIDS
Understanding the behavior of the point-spread function (PSF) becomes important when studying distant objects at pixel scales. In the present analysis our main concern is that PSF variations as a function of wavelength may lead to spurious, centrally concentrated inhomogeneities arising from some centrally concentrated profiles in some spheroids. To study this effect, we made extensive simulations of the effect of the PSF by artificially creating spheroids, which were subsequently analyzed using the same method applied to the observed data. These are presented in Appendix B. We conclude that the effect of the PSF will not significantly influence any of the indicators used in our analysis.
Prompted by the findings of spheroids with central blue cores in the HDFs (Menanteau et al. 2001a ), the first step in our analysis is to construct V 606 À I 814 color maps for all the ellipticals in our sample. This color peculiarity has only been reported for early types in the HDFs so far, and it is compelling to verify whether it will also be present in other, unrelated samples, such as the current one. For this, we compute pixel maps and surface brightness for all galaxies in all three bands, using the well-known transformation,
where ZP is the zero point for a given filter in the Vega system from Table 2 , the pixel scale is 0.05 arcsec pixel À1 , and ''counts'' is the number of electrons in each pixel. Subsequently, color maps were computed, selecting only contiguous pixels above a surface brightness threshold of 606 25 mag arcsec À2 . We note that we use this surface brightness limit only in the computation of V À I ð Þ in x 4.1 in order to maintain consistency when comparing with previous observations. However, in x 4.2 we discuss a more robust method for selecting and measuring the light of spheroids.
Old Ellipticals vv ersus Blue Ellipticals
Our first objective is finding a population of spheroids with blue cores and inhomogeneous internal colors in the current ACS sample mirroring that found in the HDFs. After an initial inspection, we conclude that in most cases spheroids show fairly smooth and homogeneous V 606 À I 814 color maps, but the existence of a subsample with perturbed internal colors is quite evident. We report a fraction of spheroids with blue cores comparable to that in the HDFs in our ACS sample, with similar sizes and strength in their color differences. It is important to remark that this is the first sample, apart from the HDFs, in which resolved studies of distant galaxies are possible. To illustrate the similarities in our findings, in Figure 3 , we show examples of spheroids with normal and peculiar internal color properties in the HDF-N and the present sample of ACS spheroids. The similarities in the form of the blue nucleated ones in both samples are quite evident.
METHODOLOGY AND ANALYSIS
After considering the color maps of spheroids, we want to investigate how the internal colors of field ellipticals vary as a function of redshift and to quantify the fraction that departs from a passively evolving population. Although we can identify a distinctive population of spheroids with blue cores and color inhomogeneities from visual inspections alone, we wish to develop a method for quantifying the strength of the inhomogeneity in an objective way. A standard tool for this purpose is to model their color properties using stellar synthesis population models Menanteau et al. 2001b) . Unfortunately, these predictions are quite sensitive to the galaxy redshift of observation, and our present sample only encompasses photometric estimates, making this approach toward characterizing individual galaxies somewhat uncertain. Instead, we choose to explore a model-free approach and focus on the integrated properties, which in our view represents a safer way to evaluate the trend of the population. For this purpose we revisit the internal color dispersion estimator from Menanteau et al. (2001a) and devise a new measurement based on the slope of the color gradients of a galaxy that we show is more sensitive to the presence of central blue spots.
The Internal Color Dispersion, V À I ð Þ
The idea of studying the internal colors of an individual galaxy can be considered a generalization of the use of the CMR in the study of the history of elliptical galaxies in clusters (Bower et al. 1992) , where the photometric dispersion is employed as a powerful mechanism to determine variations in their star formation history. The first quantity that we present is the SNR-weighted scatter in the internal V 606 À I 814 colors of a galaxy, V À I ð Þ, as defined in Menanteau et al. (2001a) . This measurement has proved to be a good tracer of peculiarities in spheroid colors at pixel scales, in the sense that objects with low values of V À I ð Þ have very uniform and normal color maps, while those with higher values do present disturbed internal colors and in many cases blue cores.
A key motivation for revisiting this estimator is that it has already been applied and calibrated with a similarly selected sample of galaxies in the HDFs, where it proved to be a good discriminant of objects with blue cores versus ellipticals with normal colors. This feature enables us to make direct comparison between the HDFs sample V À I ð Þ measurements and the current one. In addition, it is a model-independent method for studying differences in the star formation histories of galaxies, making it free of assumptions regarding the epoch of formation in ellipticals.
In our estimates of V À I ð Þ, we follow the same procedure used in the HDFs, and we also choose to concentrate only on the V 606 and I 814 bands for computing color dispersions, as the resulting V 606 À I 814 color contains significantly smaller observational errors than g 450 À V 606 , especially for systems dominated by old stellar populations (see Menanteau et al. 2001a for details). However, it is important to note that strong variations in the internal colors are also present when the g 450 À V 606 colors are examined. We select all contiguous pixels within a surface brightness limit of less than 25 mag arcsec À2 in V 606 , to isolate the galaxy from the background sky and maximize the associated SNR per pixel. Using only the pixels within this limit, V À I ð Þ is computed from the weighted SNR distribution of V 606 À I 814 colors for individual pixels, which in turn identifies the internal homogeneity of a galaxy, using the following recipe:
where S x ð Þ is a selection function for pixels with SNR above a certain threshold such that S x ð Þ ¼ 1 for pixels above and S x ð Þ ¼ 0 for pixels below the threshold; SNR x i ð Þ is the SNR for a given pixel color x i . The selection function S x ð Þ and the weighting according to SNR x ð Þ address biases arising from noise variations at pixel scales by rejecting low-signal pixels and weighting the pixels' contribution proportionally to their signal.
The Mean
In addition to the color dispersion, we wish to develop an alternative quantity to isolate spheroids with nonhomogeneous internal colors. This should be suited to measuring the strength of the blue cores and not prone to dispersions arising from particularly reddened core. For this we concentrate on a method that quantifies the variation in the color as a function of the galaxy radius. Given that in most cases, color peculiarities manifest themselves via the presence of blue cores, a clear pattern of this effect is the display of inverted (i.e., positive sign) color gradients, as opposed to the case of ''normal'' passively evolving ellipticals, which show either flat or slightly negative color gradients, as expected from metal-enriched cores.
We focus on the V 606 À I 814 colors to compute color gradients as a function of the radius r, as these represent the bands where the SNR is higher and can be more directly related to V À I ð Þ. In the extraction of the color gradients, initially we measure the centroid and second-order moments (x 2 , y 2 , xy) of the galaxy utilizing the I 814 band, from which we determine the ellipticity parameters of the objects (a, b, ). It is worth noting that we keep the same elongation ratio e ¼ a=b up to the isophotal limit for computing the color gradient. Next, using concentric ellipses, we calculate the V 606 À I 814 ð Þr i ð Þ gradients as the median color in the shell between r iÀ1 and r iþ1 . To gauge the slope of the color gradient, we fit a fourthorder polynomial function to the observed V 606 À I 814 ð Þr ð Þ, up to a certain maximum radius r max , from which we measure the slope by simply obtaining the first derivative of the fitted polynomial function. In order to consistently measure the slope of galaxies over similar physical areas on spheroids and at different redshifts, we compute the slope up to a radius r max following an approach similar to the one described by Papovich et al. (2003) and Conselice et al. (2000) . This consists of choosing the aperture radius r max of the galaxy as r max ¼ 1:5r P with ¼ 0:2, where r P is the Petrosian (1976) radius and r ð Þ is defined as
where I r ð Þ is the surface brightness of the galaxy in an annulus of radius r and I r ð Þ h i is its mean value up to the same radius. The Petrosian radius depends only on the galaxy surface brightness, and it is independent of the redshift of 
where the derivative is taken over the fitted function, Ár i is the size of the concentric shells, and r is measured in kiloparsecs. We repeat this procedure for all the galaxies in our sample. In x 5, we investigate how it performs compared with V À I ð Þ and present examples.
Comparinggthe Indicators
An important objective of our analysis is to carry out direct comparisons of the internal color dispersions observed in the present ACS sample and those observed in the HDFs. For this purpose, we include in our study the morphologically selected catalog of spheroids in HDF-N from Menanteau et al. (2001a) . The HDF-N sample was constructed using the same selection limits and morphological classification, ensuring a robust comparison between samples. We include only the northern HDF, as this contains the largest number of spectroscopic redshifts, making possible an investigation of how the internal color dispersions vary as a function of redshift, as opposed to the photometric estimates in ACS spheroids. After computing V À I ð Þ and the mean slope for all galaxies in the ACS and HDF-N samples, we examine how they perform against each other first in the ACS sample and subsequently for the HDF-N spheroids. Figure 4 shows the values of V À I ð Þ versus the mean slope V 606 À I 814 ð Þr ð Þ for all spheroids in the Tadpole field. We can observe a clear correlation between the statistics for the larger part of the sample: galaxies with high positive mean slopes (indicative of blue cores) also show high values of V À I ð Þ (i.e., high internal color dispersions). Although the inverse relation is true for most galaxies [i.e., high color dispersion values, V À I ð Þk 0:06, also have high positive slopes], we see in Figure 4 that several high V À I ð Þgalaxies have flat or even negative slopes. This results because galaxies with metal-enriched cores tending to have redder centers, making their mean slopes slightly negative or flat, while keeping higher-than-normal values of V À I ð Þ. From Figure 4 , we wish to highlight that the mean slope V 606 À I 814 ð Þr ð Þ is a more robust statistic for tracing blue cores as spheroids with positive slopes and hence that blue cores exhibit high internal color dispersion. In Figure 4 , we also present the values computed for the HDF-N spheroids. It is reassuring that ellipticals populate the same region in the V À I ð Þ-median slope space for both samples. After individually inspecting the objects with high V À I ð Þvalues but low or negative slopes, we confirm that these correspond to objects with reddened cores. We conclude that although both statistics succeed in tracing the observed color variations, the mean slope is a more robust statistic for tracing blue light in spheroids and is not prone to color differences arising from color gradients normally accounted for in passively evolved ellipticals.
RESULTS
Establishing the existence of a population of field spheroids with marked color dispersions, resembling those exhibited by HDF spheroids, is a major objective of this paper. From the constructed color maps alone we can conclude that this is a property shared by field spheroids at intermediate redshifts, regardless of the sample in study. The presence of strong variations in the internal color distributions suggests episodes of recent star formation activity. However, detailed measurements regarding the intensity and timescales involved require precise spectroscopic information, not available for the sample in our study. Instead, we opt to determine in a modelindependent way the proportion of active systems as a function of redshift and, on the basis of this information, make educated guesses regarding the evolution of early-type galaxies.
Initially, we wish to investigate the behavior of V À I ð Þas a function of redshift. For this, in Figure 5 we display the computed values of V À I ð Þas a function of their photometric estimations for the Tadpole field (circles) and spectroscopic redshifts for the HDF-N (triangles). Error bars represent 1 estimates obtained using the bootstrap resampling technique introduced by Efron & Tibshirani (1986) . From Figure 5 we observe how the fraction of spheroids with high V À I ð Þ values slightly increases as a function of redshift in the same way as reported for HDF-N spheroids. We make a quantitative measurement and focus on the fraction of systems with high V À I ð Þ values compared to that with low ones, as this measurement is not prone to selection effects due to the redshift distribution of spheroids in our sample. We separate the sample into two redshift bins, 0 < z bin1 0:6 and 0:6 < z bin2 1:2, and calculate the fraction of spheroids with V À I ð Þ> 0:09. We report an increase from 28% in z bin1 to 39% in z bin2 . However, we point out that this might also be consistent with no increase, given the relatively small number of objects involved.
It is reassuring to confirm that both samples show a very similar trend in the observed spread, as well as its increase with redshift. Assuming that in most cases high values of V À I ð Þ are associated with recent star formation activity within the galaxy, the rise of V À I ð Þwith redshift indicates a clear trend in this sense. For the HDFs, Menanteau et al. (2001a) have computed simple models that can explain the existence of galaxies with high V À I ð Þas the result of small additional bursts of star formation activity.
If we assume that strong internal color dispersion is indeed associated with recent star formation, it is interesting to obtain the fraction of evolving systems as a function of redshift. As observed from Figure 4 , the mean slope V 606 À I 814 ð Þr ð Þ is better suited to probe blue cores and internal inhomogeneities than V À I ð Þ; therefore, we choose to use this instead of V À I ð Þ for estimating the ratio of spheroids with strong internal color variations to the total number of objects. In Figure 6 , we show computed values of the mean slope
Þr ð Þ as a function of redshift for both the Tadpole field and the HDF-N sample, using the same symbols as in Figure 5 . We display the values for the HDF-N for completeness, as this allows us to make consistency checks for variations that could arise between samples, in part because of the use of photometric redshifts. Error bars show 1 computations calculated by carrying out Monte Carlo simulations over the data. To illustrate how the mean slope is used in probing galaxies with blue cores, in Figure 6 we also show two galaxies of contrasting internal colors and the very distinctive values of the mean slope they have. It is interesting to note from this figure how galaxies tend to populate rather uniformly the redshift space. In order to reliably make use of the mean slope V 606 À ð I 814 Þ r ð Þ in tracing blue light in spheroids, we need to investigate its variation as a function of redshift, introduced from measuring the mean slope using the V 606 and I 814 filters. We attempt to reproduce through simulations the observed spatially resolved color properties of spheroids with blue nuclei. Our key assumption when modeling these spheroids is that at intermediate redshifts they can be described using a twocomponent model: a young stellar central component (responsible for the blue light) superimposed on an old system. We model the integrated V 606 À I 814 colors of both stellar component, using spectral energy distributions (SED) from the Bruzual & Charlot (1993) (GISSEL96) library. For the old stellar component we choose an SED corresponding to exponentially declining star formation (e-folding time of 1 Gyr) at age 12 Gyr, which resembles the colors of a normal elliptical at z $ 0. For the central region we employ the SED of a recent star-forming elliptical, as observed 1 Gyr after its formation. For each component the observed V 606 À I 814 colors and apparent magnitudes are computed as a function of redshift (K-correction only), assuming a flat universe (H 0 ¼ 71 km s
À1

Mpc
À1 , 0 ¼ 0:27, Ã ¼ 0:73). To emulate the geometrical properties of the modeled galaxies (such as those of the blue nucleated spheroid in Fig. 6 ), we create artificial ellipticals from the two components, using a customized version of the IRAF package ARTDATA. We used a fixed physical size of half-light radius r e ¼ 3 kpc for a de Vaucouleurs profile for the old component. We assume that the blue central component corresponds to only 15% of the total stellar mass of the galaxy, M ¼ 3 ; 10 11 M , as this supplies enough blue light to reproduce the observed blue colors, and an effective radius of 0.15r e .
For the resulting artificial galaxies we compute the mean slope V 606 À I 814 ð Þr ð Þ between 0:2 < z < 1:2, using the same procedure as for the real data. We show the results of the exercise in Figure 6 . The solid line in the left-hand panel represents the computed values of the mean slope V 606 À I 814 ð Þr ð Þ recovered from the simulations. We observe that for simulated spheroids the mean slope changes little as a function of redshift, with a bump at z $ 0:65 that coincides with the peak in the Á V 606 À I 814 ð Þcolor difference between both components. We conclude that although our filter set is more favorable for tracing blue light near z $ 0:65, the variations as a function of redshift are small enough that this will not significantly affect our results.
The Fraction of Activv e Systems
When computing the active-to-total galaxies ratio, we need to calibrate the mean slope V 606 À I 814 ð Þr ð Þ to differentiate between active and passively evolved systems. Certainly, high values of the mean slope are directly linked to large internal color variations, and the most striking cases of blue cores undoubtedly arise in the high mean slope part of the mean slope-redshift envelope. On the other hand, galaxies with small values, near zero or negative, show no significant color variations. However, defining a limit that separates active and passive systems is a rather uncertain and imprecise exercise. To assess this problem, we opt for interactively calibrating this limit, by visually inspecting all galaxies and their respective color maps. After extensive inspections, we resolve to choose a constant mean slope V 606 À I 814 ð Þr ð Þ > 0:08 mag kpc À2 as a fiducial limit that produces the cleanest separation (Fig. 6) . Using this limit, we compute the fraction of active to total spheroids as a function of redshift for all the ellipticals in the Tadpole field up to z $ 1:2. In order to avoid possible uncertainties arising from normal Poisson variations and the use of photometric redshifts, we opt for binning the data using redshift bins of size Áz ¼ 0:25, wide enough to smooth out major noise variations. In Figure 7 , we show the fraction of active to total systems as a function of their photometric redshifts. In order to incorporate the error in the measurement of the photometric redshifts, 1 error bars in Figure 7 were estimated by carrying out Monte Carlo simulations over the distributions. To estimate the uncertainties, we recompute the histogram N times (N $ 1000), modifying the redshift of observation of the galaxies as z 0 o ¼ z o AE z, in which is a randomly generated number between À1 and +1 and z is the nominal error estimation of BPZ, z ¼ 0:15 1 þ z ð Þ. From Figure 7 , we report that the fraction of active spheroids is compatible with a constant as a function of redshift (within the error bars). It is important to notice that the estimate for the lowest redshift bin is quite uncertain, as indicated by the large error bars, as the Tadpole sample is incomplete for lower redshift galaxies (see Benítez et al. 2004) . Regarding the actual amount of the fraction of active spheroidals, we recognize that its absolute value is rather dependent in the limit used for selection. However, for the current limit adopted, this number mostly fluctuates around 30%-40%, in good agreement with the values obtained for the HDF-N by Kodama et al. (1999) and Menanteau et al. (2001a) . It is also worth noting that from tests performed on the sample, the shape of the fraction distribution remains largely unchanged when adopting a different limit.
It is appealing to analyze our estimate of the number of active spheroids in the context of their evolutionary history using the simple methodology introduced in this paper. The relatively constant to small rise in the fraction of active systems is suggestive of the presence of a population of active spheroids, continuous at least up to z $ 1. This can also lead to the interpretation that spheroids have been constantly assembled since z $ 1. At the same time, the presence of spheroids with homogeneous colors and smooth color gradients is clear evidence of the presence of a relatively dominant population of normal evolved spheroids at all redshifts.
It is possible to ask, then, what type of objects are the blue spheroids that we detect? And what would be their lowredshift counterparts? A possible explanation is that we are seeing these galaxies as they enter into the E/S0 class, possibly within the first Gyr since their last star formation activity. From the modeling of stellar synthesis populations (Menanteau et al. 2001a (Menanteau et al. , 2001b , it is believed that the existence of such populations is not long-lasting. We might be seeing the predecessors, or protoellipticals, in the last period of star formation before they become normal ellipticals as we know them at low redshifts and in clusters of galaxies.
CONCLUSIONS
In this paper, we have used newly available data from the Advanced Camera for Surveys to study the internal color properties of a sample of 116 morphologically selected spheroids. This represents the first deep data set of spheroids available from the ACS, and we used it to investigate its superb ability to resolve distant galaxies. Using an independent sample of ACS spheroids, we have confirmed the presence of a population of spheroids with color inhomogeneities similar to those found in the HDFs. Using a model-independent approach, we have introduced a new statistic, the mean slope V 606 À I 814 ð Þr ð Þ, which probes successfully the presence of blue cores and internal color inhomogeneities in spheroids. We compare our measurements with those in the HDF-N, with consistent results. Assuming that strong variations in the internal color dispersion of spheroids are linked to recent episodes of star formation, we use the mean slope to separate active and passively evolved systems as a function of redshift, and on this basis, we estimate the fraction of active systems versus redshift. We found that within the uncertainties of our measurements, the fraction of active galaxies can be described as constant, with a trend toward growing with redshift, with nominal values between $30% and 40% of the sample, consistent with previous results. We take this as evidence for the continuous formation of spheroids since z $ 1, while the data also show the presence of a population of old, passively evolved ellipticals at all redshifts.
An important part of the challenge that lies ahead is to try to understand the significance of the blue spheroids and whether or not these represent the early stages of what we expect to be ellipticals as defined at z $ 0. In addition, alternative theories of galaxy formation need to be explored that can explain the simultaneous presence of passively evolving systems and recent star-forming spheroids. It also remains to be learned what the detailed internal properties of ellipticals in clusters are, from upcoming ACS observations at z $ 1 (Postman et al. 2004 ).
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APPENDIX A THE CATALOG OF SPHEROIDS IN UGC 102104 APPENDIX B THE EFFECT OF THE ACS WFC POINT-SPREAD FUNCTION
It is known that systematic variations present in the HST PSF may influence studies that depend on small-aperture photometry or small galaxies with bright cores. Our main concern is the PSF variation as a function of wavelength, which might induce spurious, centrally concentrated color inhomogeneities on sharply peaked light profiles. To investigate the bias level introduced by variations of the PSF in our internal color analysis of spheroids, we carried out Monte Carlo simulations, following a procedure similar to the one described in Menanteau et al. (2001a) . This consists of creating artificial galaxies, using the IRAF package ARTDATA, resembling the sizes and brightness of those in our study. These were subsequently analyzed in the same fashion as the observed data. Initially, we attempted to create artificial de Vaucouleurs profiles, using a combination of averaged observed bright stars in the background of the Tadpole field as the PSF. However, it was soon evident that there was a systematic variation in the PSF FWHM as a function of position in the WFC field. In addition, the small number of bright stars in the Tadpole field made the use of stars as real PSFs too challenging. The PSF variation across the WFC field has been extensively documented by Krist (2003) . Although the PSF variations in the ACS are less than in other HST cameras, its does vary over the field, most notably for the WFC (see Fig. 1 in Krist 2003) . Therefore, we chose to utilize the synthetic PSFs generated with the Tiny Tim software, which does take into account field variations.
We created a grid of 4 ; 4 PSFs at evenly distributed positions across both WFC chips with Tiny Tim for the V 606 and I 814 bands. These were incorporated into mock ACS mock raw images and later processed through Apsis using the same parameters as for the observed data. These yield a geometrically corrected grid image of synthetic PSFs. In Figure 8 , we show a diagram with the final positions. Using this grid, spheroids were synthesized at each PSF location with de Vaucouleurs profiles, using IRAF's ARTDATA. Notes.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Table 3 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content.
We generated a set of simulated spheroids for the V 606 and I 814 bands, trying to mimic as much as possible the observed properties of spheroids. These include a range of half-light radii (r e ) from 0B1 to 0B7, which correspond to a physical length of $0.75-5.5 kpc (H 0 ¼ 71 km s À1 Mpc À1 , 0 ¼ 0:27, Ã ¼ 0:73) and a range of magnitudes consistent with our sample (18 < I 814 < 24). We processed the synthetic spheroids using the exact same procedure employed for real spheroids and calculated both estimators, V À I ð Þand the mean slope V 606 À I 814 ð Þr ð Þ, for the whole sample. To simplify the simulation, we computed the mean slope as function of the object apparent size. As the influence of the PSF in the resolved colors is expected to be a strong function of the Figure 9 , we can see that over the observed range of C for the ACS spheroids (i.e., 0:3 P C P 0:7), the values of V À I ð Þfor the simulated galaxies are significantly lower that those obtained for the observed spheroids. Only for values of C > 0:8 do we enter into the regime in which the PSF can affect the recovered values of V À I ð Þ, because then the PSF becomes important. However, our spheroids do not lie in this range. We notice some variation, depending on the PSF position used, but this effect is too small for the scale of the real values of V À I ð Þ. We also compare the central concentration with the mean slope V 606 À I 814 ð Þr ð Þ, using the same symbols as in Figure 9 . The simulated galaxies have mostly a uniform distribution of values of mean slope V 606 À I 814 ð Þr ð Þ as a function of C, also lower than that observed for the real data. We conclude that the bias level introduced by the variations in the WFC PSF will not seriously affect any of our conclusions.
